Introduction {#sec1-1}
============

Restoration of locomotion is one of the main goals of stroke rehabilitation.\[[@ref1]\] Ability to walk following a stroke is often impaired due to muscle weakness, spasticity, compromised sensory-motor control and/or impaired cognitive functions.\[[@ref2][@ref3]\] Stroke survivors with hemiparesis show a relatively shorter step length, a longer stance phase, and a shorter swing phase of the affected side.\[[@ref4]\]

Spastic equinus is one of the most common gait problems in persons with stroke. This is usually related to spasticity of triceps surae or contracture of this muscle or tendon, resulting in reduced ankle dorsiflexion both during stance and swing phases. Equinovarus foot shifts the weight support of the heel to the lateral plantar surface of the foot, and may cause a loss of balance and a reduction in stride security. Ankle foot orthoses (AFO) are prescribed to facilitate ankle control in cases of equinus and/or varus foot,\[[@ref5]\] provide mediolateral stability of the ankle in the stance phase, facilitate gait in the swing phase, and reduce energy expenditure while walking.\[[@ref6]\] Some researchers hold the view that an AFO can prolong dependence on a mechanical device, leading to an increase in muscle disuse, especially the dorsiflexors of the ankle, with a consequent delay in functional recovery.\[[@ref4]\]

Apart from orthosis, relatively newer approaches involving body weight support (electromechanical/robot-assisted), functional electrical stimulation-based orthosis, rhythmic auditory stimulation, and virtual reality have been tried along with the conventional rehabilitation strategies to restore locomotion in stroke survivors.\[[@ref7][@ref8][@ref9]\] Questions have been raised regarding the long-term safety, clinical effect, and cost--benefit of many of these interventions.\[[@ref10]\] Conventional gait training using an eclectic approach (involving therapeutic exercises, AFO, and task specific training) coupled with anti-spasticity measures (medications, chemo-denervation, and exercises) and gait aids continues to be more popular method in most centers.

Botulinum Toxin A, a neurotoxin on local injection in the spastic muscle, reduces tone, increases the range of motion and causes dose-dependent reversible paralysis in the muscle.\[[@ref11]\] Studies in the past with this toxin have shown no adverse effect and the tendency of improvement in spasticity in the injected muscles in stroke patients, which results in better gait.\[[@ref12][@ref13]\]

Rehabilitation medical specialists generally resort to an AFO along with other measures to tackle this equinus foot in stroke. Previous studies have pointed out their benefits on the gait parameters.\[[@ref14][@ref15]\] However, many aspects regarding their efficacy remain unclear.

The primary objectives of this study were to study the effect of AFO supplemented with multidisciplinary inpatient stroke rehabilitation program on 2 clinical gait parameters -- walking speed and endurance. The secondary objective was to determine if there was any improvement in their mobility related functional outcomes-motor Functional Independence Measure (FIM^®^).\[[@ref16]\]

Patients and Methods {#sec1-2}
====================

This prospective study was conducted in the Department of Neurological Rehabilitation of a university tertiary care research hospital between December 2014 and May 2015. Participants were recruited through the outpatient service of the department and all stroke survivors attending the outpatient clinics were screened. Those fulfilling the inclusion criteria and willing to participate were included in the study. Overall 429 stroke survivors were screened during this period.

Inclusion criteria {#sec2-1}
------------------

Stroke survivors (men and women aged 18--65) admitted with a diagnosis of first arterial Stroke (due to cerebrovascular accident) with right or left hemiplegiaSpastic equinovarus foot with dynamic deformity requiring an AFOAt least 6 weeks post-stroke but not more than 1 year durationGood comprehension with an intact ability to follow threestep commandsAdmission in Neurological Rehabilitation ward for at least 2 weeks (14 sessions) for activity based rehabilitation.

Exclusion criteria {#sec2-2}
------------------

Patient not fit to participate in rehabilitation programMyocardial infarction in the last 6 monthsPatients with unstable anginaPatients with global aphasiaPatients with recurrent strokes, bilateral hemispheric, cerebellar, or brain stem lesionsPatients with significant visual field deficits and orthopedic problems affecting participation andHemiplegia not due to cerebrovascular accident.

The protocol was approved by the Institute Ethics Committee, and informed consent was obtained from all the stroke survivors before study participation.

Rehabilitation management {#sec2-3}
-------------------------

All the participants were provided with an AFO (polypropylene solid AFO; custom made by orthotist) within 5 days of admission to the wardA tripod cane was prescribed, based on the clinical assessmentActivity-based therapy was provided consisting of lower limb strengthening with resistive exercises, treadmill training, spasticity reducing exercises, reaching in sitting and standing, balance and gait training (with AFO and gait aids), stair ascent and descent, functional abilities, and activities of daily living training. Training was conducted for a minimum of 14 sessions with at least 9 sessions after receiving AFOs (120 min/day, 6 days/week for more than 2 weeks)Conventional inpatient rehabilitation, addressing other issues such as aphasia, cognitive and psychosocial issues, and optimization of medical comorbidities including pharmacotherapy was providedPatients assessed initially within 48 h of admission and subsequently 48 h before discharge from inpatient rehabilitation.

Statistical analysis {#sec2-4}
--------------------

Variables were tested for normality of data by Shapiro--Wilk test and found to be not normal. Hence, the median was used to describe data and nonparametric Wilcoxon signed rank test was used to compare the change from admission to discharge. Statistical package for social science SPSS version 22.0 (IBM, IL, Chicago, USA) was used for analysis. Statistical significance was considered at *P* \< 0.05.

Outcome measures {#sec2-5}
----------------

### 6-minute walk test {#sec3-1}

Functional walk test such as the 6-minute walk test (6MWT) is often used to determine functional capacity in individuals with compromised ability.\[[@ref17][@ref18]\] We adhered to the ATS standards\[[@ref19]\] for the walkway length, course layout, and location the participant was asked to walk continuously in a marked 30 m hallway of a 50 m long, flat, straight enclosed corridor adjacent to the ward. The distance walked in 6 min was recorded at admission and with and without AFOs at discharge. As suggested by Dunn *et al*.,\[[@ref20]\] we used their checklist for reporting the 6MWT. Baseline (admission) walk test was done without AFO or physical assistance. Only 8 participants needed a tripod cane. All participants were made to walk with and without AFO at the time of discharge. Adequate rest was given between the two tests. Walking aids were generally avoided, 8 (30%) participants were unable to walk without the tripod cane at admission, and they continued to require the tripod cane at discharge.

### 10-meter walk test {#sec3-2}

Walking speed was measured in meters per second as the participant walked across a 10 m walkway.\[[@ref21]\] The participants were given standard instruction and asked to walk at their preferred pace. Baseline (admission) test was done without any aid (except for eight participants who used the tripod cane). Discharge test was done with and without AFO and eight used the tripod cane. The average of three trials was taken as the walking speed at each assessment for all participants.

### Functional independence measure^®^[@ref16] {#sec3-3}

The FIM^®^ is composed of 18 items divided into 6 levels (minimum score 18; maximum score, equivalent to total functional independence: 126) (16). Each item envisages 7 levels of performance independence (7, total independence and 1, total dependence or un-assessable). The FIM^®^ can be subdivided into a 13-item motor subscale (motor FIM^®^) and a 5-item cognitive subscale (cog FIM^®^). The scoring ranges for the motor and cognitive subscales are 13--91 and 5--35, respectively. The license for using FIM^®^ instrument was obtained from UDSMR (Uniform Data System for Medical Rehabilitation, New York).

### Scandinavian stroke scale {#sec3-4}

Impairment after stroke was assessed using Scandinavian Stroke Scale (SSS). It consists of eight parameters, including consciousness, cognitive deficits, motor power, and walking ability, on a graded score of 0--12. The maximum score is 58; higher scores indicate better outcome.

Results {#sec1-3}
=======

Thirty participants fulfilled the inclusion criteria and were recruited in the study. By the time of discharge, 4 patients showed good motor recovery in ankle dorsifexors of the affected limb and did not require AFO for locomotion. These patients were excluded from the final analysis. Data of 26 participants (21 men and 5 women) were included. 14 participants were affected on the right whereas 12 were affected on the left side. All 26 were able to complete the walk tests, and there was no adverse event. All were provided a solid polypropylene AFO and received minimum 14 sessions of activity-based rehabilitation including gait training (one session per day). Patients were encouraged to use a splint at other times of the day also especially while walking. Seventeen (65%) patients had an ischemic stroke, and 9 (35%) had hemorrhagic stroke. All involved the anterior cerebral circulation (MCA/ACA territory). Nineteen (73%) out of 26 patients had moderate to severe stroke with SSS scores \<40. Mean length of stay in the unit was 26.5 days (range 18--45 days, standard deviation 5.5).

The mean walking speed of the stroke survivors on admission was 0.4 m/s. The walking speed improved with AFOs. The mean walking speed at discharge was 0.51 m/s with AFOs (*P* = 0.004) and 0.45 m/s without AFOs (*P* = 0.015).

The mean walking endurance (6MWT) of the stroke survivors on admission was 127.6 m. The walking speed improved with AFOs. The mean walking endurance (6MWT) at discharge was 172.2 m with AFOs and 146.8 m without AFOs. The improvement at discharge both with and without AFO was statistically significant (*P* \< 0.001).

Significant function recovery (using FIM) was observed with inpatient rehabilitation. Still only 4 (15%) of them had an FIM^®^ score \> 115 at discharge (more or less fully independent) \[[Table 1](#T1){ref-type="table"}\].

###### 

Functional score at admission and discharge

![](JNRP-7-544-g001)

Walking speed categories of patients at discharge are mentioned in [Table 2](#T2){ref-type="table"}.

###### 

Walking speed categories at discharge based on stroke severity
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Discussion {#sec1-4}
==========

The impaired locomotion after stroke has been a key area of research among neurological disorders\[[@ref22]\] and several strategies have been devised to restore the walking ability of stroke survivors. Our study focused on analyzing role and benefits of the AFO in improving gait parameters (walking speed and endurance) in stroke survivors. An earlier study in the same setup has shown feasibility to conduct task-specific locomotor training programs for chronic stroke survivors with moderate disabilities.\[[@ref23]\] In this study, we utilized the same principle and imparted the conventional gait rehabilitation and assessed the effect of AFO on mobility-related functional outcomes.

Impact of inpatient rehabilitation {#sec2-6}
----------------------------------

The fact that all the 26 participants were rehabilitation naive and never exposed to any sort of rehabilitation since the stroke stands testament to the role of stroke rehabilitation in effecting a significant change in the functional ambulation in these stroke survivors \[[Table 1](#T1){ref-type="table"}\]. A reduction in gait velocity is common among stroke victims. Mean gait velocity of healthy individuals is around 1.3 m/s but ranges from 0.23 to 0.73 m/s among individuals with hemiparesis.\[[@ref22]\] The results from this study also suggest the same with mean walking speed of the group increased from 0.40 m/s to 0.51 m/s (without AFO) at the end of rehabilitation.

According to Schmid *et al*.\[[@ref24]\] when 10 m gait velocity measures are stratified into clinically meaningful functional ambulation classes such as household ambulation (≤0.4 m/s), limited community ambulation (0.4--0.8 m/s), and full community ambulation (≥0.8 m/s), changes in 10 m gait velocity are clinically meaningful. Transitioning to a higher class of ambulation is associated with substantially better functional independence and quality of life, especially with regard to mobility and community participation, in initial household ambulators. In the current study, only 5 (19.2%) advanced to limited community ambulation (0.4--0.8 m/s) and 1 (3.8%) to full community ambulation (0.8 m/s). It is noteworthy that 11 (42.3%) of the stroke survivors in the household ambulation (\<0.4 m/s) on admission had a moderate-severe stroke (SSS \< 40), and did not make the transition to a higher class.

Pohl *et al*. reported that the demographic data that can be used to predict the distance healthy adults can walk in 6 min cannot predict the distance achieved by adults with stroke. The performance in the 6MWT for stroke survivors is influenced by the motor impairment of the affected lower limb and balance.\[[@ref25]\] Not surprisingly, our study showed similar results. Eight (30.7%) of the stroke survivors who walked \<100 m in 6 min had a moderate to severe stroke (SSS \< 40).

Role of ankle foot orthosis {#sec2-7}
---------------------------

An AFO seems to exert a positive influence on the joint alignment of the affected lower limb, with improvements in cadence and gait velocity. While these variables alone do not represent improved gait stability, the analysis of such aspects allows a better practical understanding of the effects of physical therapy and improvements in the motor skills of stroke survivors.\[[@ref26]\] In the majority of studies, the use of a rigid or articulated AFO offered important benefits with regard to gait velocity of stroke patients, regardless of the material with which the device was made.

Minimal clinically important difference (MCID) of greater than 0.16 m/s\[[@ref27]\] gain in walking speed was noted in 8 (30.7%) of the participants when they used the AFO, whereas only 2 (8%) of among then had the same gain without the AFO at the time of discharge. It has been shown that higher gait speeds associated with improved function poststroke,\[[@ref28]\] and reduced mortality in older adults\[[@ref29]\] and use of an AFO, improves the walking speed.

The MCID in the 6MWT for stroke has been estimated to be 50 m. Only 9 (34.6%) of the participants had an improvement of 50 m or more at the time of discharge while using the AFO. Without the AFO, only 3 (11.5%) showed an MCID, even though all participants improved in the walking speed and endurance while using the AFO, at the time of discharge. However, all participants reported subjective improvement and preferred to walk with the AFO citing that they felt better, and that speed was more with AFOs. Dogan *et al*. have also reported similar subjective changes with AFO use in stroke survivors in their study.\[[@ref30]\]

The duration since the stroke, initial FIM^®^, admission walking speed 10-meter walk test and endurance (6MWT) and ankle plantar flexor spasticity correlated with change in FIM^®^ (*P* \< 0.001) in this study.

The limitations of this study include a very small sample size, lack of control group, and randomization for the interventions done. Two-third of the participants was given oral anti-spasticity medication, which also would have contributed to the gait improvement by reducing the spasticity and thus could be a confounder. The participants got only 2 weeks to get familiar with AFO use and the acceptance and compliance varied among the participants. This could be a reason why only 34.6% had an MCID in the gait parameters at discharge. The time between 6MWT tests with and without AFO (at discharge) was not standardized for each participant. However, adequate rest was provided to minimize any effect of fatigue.

Conclusions {#sec1-5}
===========

The effect of AFO on gait parameters such as walking speed and endurance was mixed in the study with more than two-third showed no significant effect and the study also underscores the need for referral to an inpatient rehabilitation facility post stroke for improving ambulation.
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